The minimal underlying data set necessary for replication of this study is available within the paper and its Supporting Information files.

Introduction {#sec001}
============

Epilepsy represents the most common comorbidity in patients with brain tumors (BT), with an incidence varying from 35 to 70% \[[@pone.0180470.ref001]--[@pone.0180470.ref005]\]. Patients with brain tumor-related epilepsy (BTRE) require a multidisciplinary approach to provide optimal care because both epilepsy and the underlying tumor need to be addressed.

In Italy, there is a high number of epilepsy centers. However, to date there has been no organized means of collecting data on the number of BTRE patients accessing these centers or the type of care they are receiving. Thus, the Italian League Against Epilepsy (LICE) BTRE Study Group was established in June 2012. Presently, there are 35 centers adhering to the study group.

Aim of this survey was to identify number and baseline characteristics of BTRE patients and patterns of care in epilepsy centers, paying specific attention to 1) pharmacological and non-pharmacological treatments; 2) outcome of treatment of seizures with reasons for discontinuation of assigned drugs.

Materials and methods {#sec002}
=====================

This is a nationwide, multicenter retrospective cohort study. All 35 centers were invited to participate in the study on a voluntary basis. A patient was included in the study if (s)he had a BT (diagnosed by neuroimaging/biopsy/surgery) and one or more seizures in close temporal association with tumor diagnosis. Patients with history of seizures preceding tumor diagnosis and judged by the caring physician to be unrelated to the tumor site were excluded. With reference to the onset of seizures after the diagnosis, we did not use a specific cut-off as we could not exclude the occurrence of seizures even after prolonged periods of time. Each center was required to send anonymized data regarding BTRE patients seen from January 1/2010 to December 31/2011 and followed for at least one month. The information included age, sex, tumor histology and site, surgery, dates of chemotherapy, radiotherapy courses, date of tumor diagnosis, date and type of first seizure, seizure types, date and type of first and subsequent antiepileptic drugs (AEDs), treatment changes, and last follow-up date. The date of modification of the first AED due to lack of efficacy and/or toxicity was a specific endpoint. Each participating center adhered to a standard protocol for patient follow-up in which the use of AEDs was made in accordance with the guidelines of the International League Against Epilepsy (ILAE) \[[@pone.0180470.ref006]\].

The information was collected through a formatted Excel worksheet developed by an *ad hoc* committee of the LICE BTRE Study Group and agreed upon by all participating centers. Control of quality and completeness of collected data was performed before analysis; centers were requested to answer specific queries in the event that further clarification was necessary.

In order to reduce selection bias, local investigators were asked to screen all patients present in the centers' archives and enroll all consecutive patients fulfilling the selection criteria.

Statistical analysis {#sec003}
--------------------

Qualitative variables were summarized with absolute frequencies and percentages, while means and standard deviations (SD), medians and range were used for quantitative items as appropriate. Quantitative variables, when needed, were dichotomized using median value as cut-off. Time to event analysis (e.g. time to modify first AED for inefficacy and/or toxicity) was performed with the Kaplan-Meier method and differences were evaluated with the log-rank test. Independent predictors of time to treatment change were assessed with Cox proportional hazard models. The risks were expressed as Hazard Ratios (HR) with 95% Confidence Intervals (95% CI). Different models were used according to age (continuous variable; categorical variable, median age or 35 years as cut-off value) and drugs (active principle; enzyme inducers vs. non-inducers). We decided to categorize patients using 35 years as cut-off value taking into account that the middle adulthood age starts at 35 years \[[@pone.0180470.ref007]\]. Missing values were reported for each item and no substitutions were made. As this was an exploratory study, a calculation of the sample size was not planned. Data were analyzed using the statistical package IMB SPSS Statistics v.21.0. This study was approved by the Ethical Committee of Regina Elena National Cancer Institute (Ethical Committee of the first author) (IRB:CE/90/12).

Results {#sec004}
=======

Twenty-six centers participated in this study, 13 from Northern Italy, 8 from Central Italy, and 5 from Southern Italy. Eight hundred and eight patients, 447 males (55.3%) and 361 females (44.7%), were enrolled. The number of patients enrolled in each center ranged from 1 to 224; 15 centers contributed with \< 20 patients (smaller centers) and 5 with more than 50 patients (larger centers). The mean age at the first visit in the epilepsy center was 50.4 years (SD 17.1) and the median was 52 years.

Follow-up ranged from 1 month to 423 months with a median of 18 months. Two hundred and eighty-eight cases were followed for less than 12 months, 187 for 12--24 months, and 285 for more than 24 months. Follow-up duration was unknown in 40 cases. Among patients who had BT diagnosis after the appearance of seizures, the median time for diagnosis was 4 months. The Karnovsky Performance Status at the first visit (obtained in 765 patients) ranged between 20 and 100, with a mean score of 81.2 (SD 19.1). The general characteristics of the sample are illustrated in [Table 1](#pone.0180470.t001){ref-type="table"}.

10.1371/journal.pone.0180470.t001

###### Clinical characteristics and oncological therapies.

![](pone.0180470.t001){#pone.0180470.t001g}

  Variable                                        N     \%     \% without missing values
  ----------------------------------------------- ----- ------ ---------------------------
  ***Tumor type***                                             
  Astrocytoma II                                  62    7.7    7.7
  Astrocytoma III                                 67    8.3    8.4
  Oligodendroglioma II                            51    6.3    6.4
  Oligodendroglioma III                           34    4.2    4.2
  Oligoastrocytoma II                             40    5.0    5.0
  Oligoastrocytoma III                            52    6.4    6.5
  Glioblastoma multiforme                         268   33.1   33.5
  Metastasis                                      88    10.9   11.0
  Other                                           139   17.2   17.3
  Missing                                         7     0.9    \-\-\--
  ***Tumor site***                                             
  Frontal                                         284   35.1   
  Temporal                                        147   18.2   
  Parietal                                        85    10.5   
  Occipital                                       14    1.7    
  Insula                                          11    1.4    
  Multicentric                                    267   32.9   
  ***Seizure type***                                           
  Simple partial                                  255   31.6   33.3
  Complex partial                                 168   20.8   21.9
  Simple partial with secondary generalization    110   13.6   14.4
  Complex partial with secondary generalization   82    10.1   10.2
  Simple and complex partial                      19    2.4    2.5
  Generalized tonic-clonic                        132   16.3   17.2
  Missing                                         42    5.2    \-\-\--
  ***Status epilepticus***                                     
  Convulsive                                      8     1.0    
  Non convulsive                                  24    3.0    
  None                                            776   96.0   
  ***Seizure timing***                                         
  Before surgery                                  491   60.8   75.5
  After surgery                                   152   18.8   23.4
  Before and after surgery                        7     0.9    1.1
  Missing                                         158   19.6   \-\-\--
  ***Surgery***                                                
  Biopsy                                          44    6.0    
  Gross total resection (\> 90%)                  470   64.2   
  Partial resection (\< 90%)                      214   29.2   
  None                                            4     0.5    
  ***Chemotherapy***                                           
  Temozolomide                                    388   80.3   
  Fotemustine                                     9     1.1    
  Bevacizumab                                     1     0.2    
  PCV                                             10    2.1    
  Gliadel                                         7     1.4    
  Other                                           50    10.3   
  None                                            18    3.7    
  ***Radiotherapy***                                           
  Whole brain RT                                  88    17.3   
  IMRT                                            38    7.5    
  Conformational RT                               314   61.8   
  Stereotaxic                                     12    2.4    
  Radiosurgery                                    12    2.4    
  None                                            44    8.7    

AED = Antiepileptic drugs; PCV = Procarbazine, CCNU, and Vincristine; RT = Radiotherapy; IMRT = intensity-modulated radiation therapy.

The most frequent tumor was glioblastoma (268 patients, 33.1%), followed by atypical meningioma (139 patients, 17.2%) and metastases (88 patients, 10.9%). Most frequent sites were frontal lobe (284 patients, 35.2%) and temporal lobe (158 patients, 19.6%). Multiple sites were involved in 250 patients (30.9%).

Focal seizures (FS) were the most frequent type (57.6%) with impairment of consciousness in 42.3%. Simple partial seizures (with or without secondary generalization) were the predominating type in patients with frontal (48.4%), parietal (63.1%) and occipital (50.0%) lesions while complex partial seizures prevailed in patients with temporal lesions (46.4%). Simple partial seizures were the commonest type in patients with multisite lesions (57.2%). Secondary generalized seizures occurred in 40.0% of cases and were associated with FS in 23.7%. Status epilepticus occurred in only 32 patients (4.0%) and was non convulsive in 24 (3%). Seizures occurred predominantly before surgery (491 cases, 60.8%).

Seven hundred and 32 patients (90.6%) received surgery and 470 (64.3%) had total tumor resection ([Table 1](#pone.0180470.t001){ref-type="table"}). Among surgical patients, 693 (85.7%) had only one surgical intervention, 37(4.6%) had two, and only 2(0,2%) had three. Four hundred and 83 patients (59.8%) received chemotherapy (CT). Of them, 396 (82%) received only one cycle, 65 had two (13.5%), and 22 (4.5%) three or more cycles. Five hundred and eight patients (62.9%) received radiotherapy. Of these, 483 (59.8%) had only one cycle, 24 (3%) received two, and one (0.1%) received three cycles.

Four hundred and 21 patients used only one AED (52.1%), 241 patients two (29.8%), 82 patients three (10.1%), 39 patients four (4.8%), and 8 patients five (1%). Levetiracetam was the commonest drug (476 patients, 58.9%), followed by oxcarbazepine (176 patients, 21.8%), phenobarbital (168 patients, 20.8%), carbamazepine (152 patients, 18.8%), and valproate (104 patients, 12.9%). In patients in whom the first AED failed, levetiracetam was still the preferred option (178, 32.2%), followed by oxcarbazepine (73, 13.2%) and carbamazepine (53, 9.6%).

A total of 338 patients (41.8%) needed treatment modification, whereas 377 (46.7%) remained on the first drug until the end of follow-up (55 of them still experiencing seizures). Information on treatment changes was not available in 93 (11.5%) cases.

Five hundred sixty four patients (69.8%) were seizure-free at least follow-up.

Distribution of drugs by timing of administration is in [Table 2](#pone.0180470.t002){ref-type="table"}. Carbamazepine, levetiracetam, oxcarbazepine, phenobarbital, phenytoin and valproate were most commonly used as first drug and tended to decrease thereafter. All other drugs tended to be used as a second or subsequent choice. Reasons for change of a drug included uncontrolled seizures (207 patients), side effects (SEs) (79 patients), SEs and uncontrolled seizures (22 patients), and poor compliance (22 patients). At the last follow-up available, 199 patients still had seizures (24.6%) while 564 were seizure-free (69.8%).

10.1371/journal.pone.0180470.t002

###### Antiepileptic drugs by timing of administration.

![](pone.0180470.t002){#pone.0180470.t002g}

  Drug            First     Second      Third   Fourth   Fifth                          
  --------------- --------- ----------- ------- -------- ------- ------ ---- ------ --- ------
  Carbamazepine   99        12.2        34      9.2      15      11.6   3    6.4    1   12.5
  Lacosamide      0                     13      3.5      13      10.1   10   21.3   1   12.5
  Levetiracetam   298       36.9        134     36.3     34      26.4   8    17.0   2   25.0
  Lamotrigine     5         0.6         6       1.6      4       3.1    3    6.4    1   12.5
  Oxcarbazepine   103       12.7        61      16.5     6       4.7    6    12.8   0   
  Phenobarbital   140       17.3        22      6.0      6       4.7    0           0   
  Pregabalin      2         0.2         4       1.1      2       1.6    1    2.1    1   12.5
  Phenytoin       41        5.1         18      4.9      5       3.9    0           0   
  Tiagabine       0                     4       1.1      4       3.1    1    2.1    0   
  Topiramate      16        2.0         19      5.1      17      13.2   5    10.6   1   
  Valproate       65        8.0         25      6.8      13      10.1   2    4.3    0   12.5
  Zonisamide      0                     4       1.1      3       2.3    2    4.3    0   
  Other           12        1.5         9       2.4      3       2.3    6    12.8   0   
  2 + Drugs       8         0.8         16      4.4      4       3.1    0           1   12.5
  Missing         19        2.4                                                         
  **Total**       **808**   **100.0**                                                   

Survival analysis was done only in 567 patients from 23 centers.

The cumulative time-dependent probability of remaining on first assigned treatment varied significantly across drugs ("[Fig 1A](#pone.0180470.g001){ref-type="fig"}"). "[Fig 1B](#pone.0180470.g001){ref-type="fig"}" shows time to treatment change of the first AED for lack of efficacy by drug type. Differences were not significant (P = 0.08), but with a tendency towards longer treatment times with levetiracetam and oxcarbazepine. "[Fig 1C](#pone.0180470.g001){ref-type="fig"}" shows the time to treatment change for SEs by drug type. Differences were significant (P\<0.0001) with a longer retention time for levetiracetam and topiramate and a shorter retention time for phenobarbital and phenytoin.

![**Time to treatment withdrawal by assigned drug in general (A), for lack of efficacy (B), and for poor tolerability/toxicity (C).** CBZ = Carbamazepine; LEV = Levetiracetam; OXC = Oxcarbazepine; PG = Phenytoin; PHT = Phenobarbital; TPM = Topiramate; VPA = Valproate.](pone.0180470.g001){#pone.0180470.g001}

Factors associated with a lower retention time for lack of efficacy included age 52 years or older and center with more than 20 cases. However, in multivariate analysis age lost significance and use of chemotherapy was associated with a significantly higher probability of drug withdrawal ([Table 3](#pone.0180470.t003){ref-type="table"}). When using age as a continuous variable, age 35 years as cut-off, or drugs with or without induction potential in different models, the only independent predictors of drug discontinuation due to lack of efficacy were young age (HR 0.61; 95% CI 0.42--0.91) and center with less than 20 cases (HR 0.50; 95% CI 0.33--0.76; p = 0.001). When considering age as a continuous variable, HR was 0.98 (95% CI 0.97--0.99).

10.1371/journal.pone.0180470.t003

###### Univariate and multivariate Cox models on time to change of first AED for lack of Efficacy.

![](pone.0180470.t003){#pone.0180470.t003g}

  Variable                                         Univariate          Multivariate 1      Multivariate 2
  ------------------------------------------------ ------------------- ------------------- -------------------
  Sex (Men vs. Women)                              1.08 (0.79--1.46)                       
  Age (≥52 vs. \<52)                               0.68 (0.49--0.93)                       
  Histology                                                                                
  Low grade gliomas vs. meningiomas                1.44 (0.93--2.21)   1.40 (0.84--2.31)   1.40 (0.84--2.31)
  GBM/High grade gliomas vs. meningiomas           1.02 (0.70--1.50)   0.78 (0.47--1.29)   0.78(0.47--1.29)
  Metastases vs. meningiomas                       0.65 (0.31--1.33)   0.48 (0.22--1.05)   0.48 (0.22--1.05)
  Chemotherapy (Yes vs. No)                        1.29 (0.93--1.78)   1.66 (1.08--2.54)   1.66 (1.08--2.54)
  KPS (\>80 vs.≤80)                                1.16 (0.84--1.61)                       
  Interval from first seizure to first AED         0.99 (0.99--1.00)                       
  Center volume (≥20 patients vs. \<20 patients)   0.58 (0.41--0.81)   0.43 (0.28--0.66)   0.43 (0.28--0.66)
  First AED                                                                                
  Levetiracetam vs. carbamazepine                  0.90 (0.54--1.49)                       
  Oxcarbazepine vs. carbamazepine                  0.80 (0.45--1.42)                       
  Phenobarbital vs. carbamazepine                  1.07 (0.65--1.76)                       
  Phenytoin vs. carbamazepine                      2.20 (1.08--4.47)                       
  Topiramate vs. carbamazepine                     1.47 (0.60--3.60)                       
  Valproate vs. carbamazepine                      1.41 (0.77--2.56)                       
  First AED                                                                                
  Inducers vs. non-inducers                        1.26 (0.90--1.77)                       
  Valproate vs. non-inducers                       1.57 (0.94--2.62)                       

AED = Antiepileptic drug; GBM = Glioblastoma multiforme; KPS = Karnovsky performance status

Multivariate 1: Model with First AED not grouped; Multivariate 2: model with grouped First AED.

Factors associated with a higher probability of discontinuation of the first AED due to SEs included female sex and use of a drug other than levetiracetam. In multivariate analysis, female sex had borderline significance while risk was increased in centers with more than 20 cases ([Table 4](#pone.0180470.t004){ref-type="table"}). When using age as a continuous variable, age 35 years as cut-off, or drugs with or without induction potential in different models, the only independent predictors of higher probability of drug discontinuation due to SE, were use of enzyme inducing (EI) drugs (HR 3.33; 95% CI 2.02--5.51) and center with more than 20 cases (HR 2.11; 95% CI 1.01--4.40).

10.1371/journal.pone.0180470.t004

###### Univariate and multivariate Cox models on time to change of first AED for adverse Effects.

![](pone.0180470.t004){#pone.0180470.t004g}

  Variable                                         Univariate          Multivariate 1      Multivariate 2
  ------------------------------------------------ ------------------- ------------------- -------------------
  Sex (Men vs. Women)                              0.63 (0.41--0.98)   0.63 (0.40--0.99)   
  Age (≥52 vs. \<52)                               0.84 (0.54--1.30)                       
  Histology                                                                                
  Low grade gliomas vs. meningiomas                0.96 (0.51--1.84)                       
  GBM/High grade gliomas vs. meningiomas           0.80 (0.47--1.37)                       
  Metastases vs. meningiomas                       0.42 (0.47--1.37)                       
  Chemotherapy (Yes vs. No)                        1.56 (1.01--2.41)                       
  KPS (\>80 vs.≤80)                                1.41 (0.88--2.26)                       
  Interval from first seizure to first AED         0.99 (0.99--1.00)                       
  Center volume (≥20 patients vs. \<20 patients)   0.65 (0.79--3.44)   2.81 (1.02--7.72)   2.96 (1.08--8.13)
  First AED                                                                                
  Levetiracetam vs. carbamazepine                  0.35 (0.16--0.78)   0.31 (0.14--0.71)   
  Oxcarbazepine vs. carbamazepine                  0.64 (0.29--1.39)   0.64 (0.29--1.42)   
  Phenobarbital vs. carbamazepine                  1.45 (0.78--2.68)   1.39 (0.73--2.63)   
  Phenytoin vs. carbamazepine                      1.74 (0.67--4.49)   1.40 (0.46--4.26)   
  Topiramate vs. carbamazepine                     Not evaluated       Not evaluated       
  Valproate vs. carbamazepine                      0.69 (0.34--2.05)   0.77 (0.31--1.93)   
  First AED                                                                                
  Inducers vs. non-inducers                        3.02 (1.83--4.98)                       3.05 (1.83--5.07)
  Valproate vs. non-inducers                       1.92 (0.82--4.50)   2.00 (0.85--4.70)   

AED = Antiepileptic drug; GBM = Glioblastoma multiforme; KPS = Karnovsky performance status.

Multivariate 1: Model with First AED not grouped; Multivariate 2: model with grouped First AED.

To confirm the lower probability to discontinue non-enzyme inducing (non-EI) drugs, we stratified patients into three different groups: those treated with EI drugs (carbamazepine, phenytoin, phenobarbital), those in therapy with valproate, and those treated with non-EI drugs (levetiracetam, oxcarbazepine, topiramate). In all three groups (Tables [3](#pone.0180470.t003){ref-type="table"} and [4](#pone.0180470.t004){ref-type="table"}) smaller centers and chemotherapy were associated with shorter treatment retention for lack of efficacy. We found, however, an increased risk of drug discontinuation for SEs in women, in patients receiving EI drugs, and in those followed in larger centers.

Discussion {#sec005}
==========

Our data show that in a retrospective cohort of patients with BTRE seen in a network of epilepsy centers and followed for a median of 18 months, glioblastoma was the most frequent tumor and FS were the predominating seizure type. More than 90% of cases received surgery, more than 60% received radiotherapy and almost 60% received chemotherapy. Almost 50% of cases were on first AED at end of follow-up and 75% were seizure-free. Levetiracetam was the most common drug, followed by oxcarbazepine, phenobarbital and carbamazepine. Seizure relapse was the most frequent explanation for the discontinuation of the first AED, followed by SE. The probability to change the first treatment for lack of efficacy was predicted by younger age, use of chemotherapy and being followed in a center with a small number of BTRE patients. Lack of efficacy was not associated with tumor histology or with type of assigned drug. Change of treatment due to SEs was predicted by management in a center with a large number of patients. Compared to men, women tended to discontinue the first drug more frequently due to SE. Treatment discontinuation for SEs was less frequent with levetiracetam when compared to carbamazepine.

Our data indicate that case volume has a significant impact on quality of care. Patients followed by large centers remain for a longer period of time on the first line AED before changing AED due to lack of efficacy, as compared to patients in small centers. To the contrary, patients followed in large centers spend less time on the first line therapy prior to changing it due to SE. The first situation could be explained by the fact that large centers tend to have experienced physicians who may choose the most effective drug. This is in line with other reports that suggest that the best outcome of patients with head and neck cancers is found in high volume centers \[[@pone.0180470.ref008]\]. In a comprehensive review of health services literature, hospital or physician volume or specialty has been found to affect outcome of cancer care \[[@pone.0180470.ref009]\]. Hospital volume has been associated with patterns of care reflecting the most current standards of care in patients with breast cancer \[[@pone.0180470.ref010]\]. High volume hospitals are associated with better outcomes also for different cancers types \[[@pone.0180470.ref011]--[@pone.0180470.ref017]\]. For many cancers, being cared for by centers with greater case volumes can prolong the time on a given treatment \[[@pone.0180470.ref008]\]. The high probability of discontinuation of an AED due to SEs in our patients followed in larger centers may instead reflect the higher attention paid by experienced physicians to the tolerability of the assigned treatment \[[@pone.0180470.ref018]\].

Chemotherapy was associated with a greater probability of changing the assigned AED for lack of efficacy. Our results appear in contrast with reports that claim a positive role of chemotherapy in seizure control \[[@pone.0180470.ref019],[@pone.0180470.ref020]\]. The most important clinical implications of interactions between AEDs and chemotherapy are insufficient control of the tumor or epilepsy, or adverse treatment effects \[[@pone.0180470.ref021]--[@pone.0180470.ref024]\].

We found more women than men undergoing treatment changes because of unacceptable SE. Men and women are at different risk of experiencing SEs of treatment. Endocrine and reproductive SEs are different in men and women. In the SANAD study, failure of first AED was more common in women than in men \[[@pone.0180470.ref025]\]. However, this finding remains mostly unexplained because there was no significant difference in the way men and women were dosed, and it is unclear whether there is an important biological difference between sexes in drug response. The effect of sex was not confirmed when we divided the patients into three separate groups: 1) valproate 2) non-EI-AEDs 3) EI-AEDs. Future prospective studies with a particular focus on the role of sex in a patient's vulnerability to SEs would be necessary.

Levetiracetam was the most common drug used at the start of treatment and in substitution of the first drug. Randomized controlled trials in partial epilepsy and additional studies in gliomas, indicate that levetiracetam is the agent of choice \[[@pone.0180470.ref026]\]. In a small randomized open-label trial comparing levetiracetam to pregabalin in patients with primary BTs, retention rates were 59% in the levetiracetam group, and 41% in the pregabalin group \[[@pone.0180470.ref027]\]. In a randomized, open-label trial comparing levetiracetam to phenytoin, the incidence of seizures was significantly less in the levetiracetam group (1.4%) than in the phenytoin group (15.1%) \[[@pone.0180470.ref028]\]. Among all first-choice AEDs in our patient population, the most favorable prognostic factor for time in therapy, prior to its substitution due to SE, seems to have been treatment with a non-EI-AED, particularly with levetiracetam. These data confirm the more favorable prognosis in patients treated with non-EI rather than EI-AEDs.

Studies on the use of AEDs in BT patients indicate that complete seizure control is not the only challenging goal but that reducing unpleasant SEs produced by AEDs is a serious concern as well \[[@pone.0180470.ref019],[@pone.0180470.ref029]\]. SEs are mostly associated with the administration of older AEDs \[[@pone.0180470.ref001],[@pone.0180470.ref005],[@pone.0180470.ref027],[@pone.0180470.ref029]\]. Limited data regarding AEDs and SEs in patients with BTRE indicate that SEs are less marked when newer AEDs (oxcarbazepine, levetiracetam, topiramate, gabapentin and pregabalin) are administered \[[@pone.0180470.ref022],[@pone.0180470.ref030],[@pone.0180470.ref031]\]. The only study comparing older AEDs with a newer drug (oxcarbazepine) in BTRE patients \[[@pone.0180470.ref031]\] showed no major differences between the two groups. Concerning safety and tolerability, however, the profiles differed significantly. Older AEDs were associated with more SEs than oxcarbazepine (42.9% vs 11.4%), including events leading to treatment discontinuation.

In our study only about 15% of cases received valproate as first AED or at some point during the course of the disease. Our data did not indicate differences in efficacy between valproate and other AEDs. In the only randomized placebo-controlled trial in adults with newly diagnosed BTs, valproate was not superior to placebo for efficacy \[[@pone.0180470.ref032]\]. Regarding toxicity as a reason for change, however, there was a significant difference between valproate and newer AEDs, the former being associated to a shorter retention time. Published data highlight the toxicity of valproate in BTRE patients: the drug may increase the hematologic toxicity of chemotherapy, presumably by inhibiting its metabolism, and impairing hemostasis \[[@pone.0180470.ref033]--[@pone.0180470.ref035]\]. These data are in contrast with recent reports that tend to support the use of valproate in BTRE patients due to its positive effect on survival. In fact, several retrospective studies in seizure patients with glioblastoma treated with chemotherapy provided evidence for a moderately improved survival with the use of valproate, possibly due to inhibition of histone deacetylase \[[@pone.0180470.ref033],[@pone.0180470.ref036]--[@pone.0180470.ref038]\]. We think that there is a need to balance the possibility for increased survival with the need to guarantee maximum efficacy and minimum toxicity. Future studies are necessary to address these important issues.

This study has several limitations. First of all, our cohort has been identified in tertiary epilepsy centers and, as such, it does not represent the origin population of BTRE. Our findings are at variance with the results of an Italian regional registry \[[@pone.0180470.ref039]\] that was based on the participation of different specialists active in the region of interest. BTRE patients followed in neurological or neurosurgical wards are not represented here. As patients seen in epilepsy centers present the most severe epilepsy varieties, outcome of seizures in a population-based sample may be different from that seen in the present cohort. Second, this is a retrospective study. Data have been obtained from medical records where, in the absence of standardized and systematic collection of the required information, variables were available in non-standardized format and were occasionally missing. Third, treatment retention was assessed in an observational context. Physicians' and patients' judgment might have had strong influence on the decision to start/stop the assigned treatment. Fourth, this is a multicenter study. Management of the disease varies across centers and this may have a strong impact on study results. All these limitations imply a cautious interpretation of our findings. Based on these considerations, we are now carrying out an observational prospective multicenter study.

BTRE patients are often forced to take many therapies. Adverse effects of AED are common in these patients and can negatively influence their perception of quality of life; this needs to be taken into consideration when choosing an AED as drug efficacy should not be considered the most important selection criterion. This is especially true for fragile patients facing many psychosocial challenges, such as BTRE patients. In absence of well-controlled randomized trials, the decision on which AED provides the best risk-benefit ratio in the individual patient is still based mostly on physician\'s judgment. In line with several other reports on the efficacy, safety and tolerability of AEDs, retention of the assigned treatment in BTRE patients is fairly high and is mostly affected by the experience of the caring physician and the safety and tolerability profile rather than the efficacy. A non-EI-AED is followed by a lower risk of drug discontinuation for SE. Among non-EI-AEDs, levetiracetam is the preferred drug. Our data are in line with data that indicate patients treated in centers with larger caseloads having a longer retention on a given treatment on account of its higher efficacy.

The results of our study have several implications for clinical practice: 1. Patients with BTRE should be sent to regional reference centers where a multidisciplinary staff is available; 2. Small centers should be in close contact with major centers through a national network; 3. The use of LEV or other non-EI-AED should be preferred; 4. Particular attention should be paid to women for the increased chance of adverse drug reactions.

Based on the limitations of this retrospective survey, emphasis must be given to a prospective cohort study with rigorous eligibility criteria, pre-planned definitions of the outcome variables and of any variable selected as an independent prognostic predictor, and a careful centralized monitoring of data collection.
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